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Phenology & Climate  
•  Grapevines as sensiHve climate indicators 

Dormancy  Budburst   Bloom    Véraison    Harvest 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Grape Harvest Dates and Temperature Variations in Eastern 

France since 1370 

I. Chuine, P. Yiou, N. Viovy, B. Seguin, V. Daux and E. Le Roy Ladurie 

Supplementary Methods 

Data sources 

Our grape harvest date series (Ht) is a corrected and updated harvest date series from Le 

Roy Ladurie 
1
 covering 1370 to 1977 and completed until 2003 for the Burgundy region 

(Fig. S1).   

 
Figure S1 Grape harvest date series of Burgundy from 1370 to 2003 (Ht).  Yearly harvest dates 
(in days since Sept. 1

st
) in black and the averages of non-overlapping 50-year intervals in red.  

Gregorian calendar corrections are taken into account. 

 

We collected the grape harvest dates from up to 18 cities or villages in Burgundy (the 

actual number depends on the year) since 1370.  To avoid possible biases due to the 

variability of data availability each year, we chose Dijon — the longest series overall 

and the only one available for some periods — as the reference series.  However, the 17 

other series were used to take into account the regional variability.  For that purpose, we 

first standardized all series such that they present the same average date as Dijon over 

their common recorded period.  We then computed for each year t the harvest date Ht as 

the median date among all available standardized dates including Dijon. 

To fit the phenological model parameters for the vine variety Pinot Noir we used 

observed flowering dates, véraison dates and harvest dates of Pinot Noir grown in 

Colmar (France), with corresponding daily temperatures for the 1964-2001 period 

(incomplete series, n= 28 years for flowering and n= 26 years for véraison) 
2
.   

 

Chuine et al. (Nature, 2004) used grape harvest dates 
to reconstruct climate back to 1370! 

PhRenology 



Winegrowing in California 

Wine grapes 

Table grapes 

Bulk 
wine 

Raisins 



Project Overview 

•  Use‐inspired research, undertaken in 
collaboraHon with Napa Valley 
Vintners 

•  Growers and winemakers interested 
in understanding the historical 
climate of their Valley, and its effect 
on winegrowing 

•  Develop baseline understanding 
before future projecHons have 
stakeholder credibility  



Harmonizing Disparate Records  

70°

90°

40°

100°

80°

60°

50°

30°

20°

90°

60°

70°

80°

50°

40°

30°

20°

100°

January March April May June July August September OctoberFebruary DecemberNovember

26"
24" 
22"
20"
18"
 16"
 14"
 12"
 10"
 8"
 6"
 4"
 2"
 0

 

26"
24"
22"
20"
18"
 16"
 14"
 12"
 10"
 8"
 6"
 4"
 2"
 0

R AINFALL

Growing Season

CABERNET SAUVIGNON

Harvest  

CHARDONNAY
SAUVIGNON BLANC

MERLOT

New Growing 

BLOOMBUD             HARVESTVERASION

           16.63”     3.2”   .14”         .33”                       1.22”

This 2008 Napa Valley vintage chart
depicts the high and low temperatures  
for each day of the growing season,  
as well as key stages of the growing 
season and rainfall, from January
through the middle of September.        
Temperature fluctuations have a sig- 
nificant effect on grapevines and grape
development and therefore influence the
character of the vintage. Tracking key
stages of the growing season plays an  
important role in planning the logistics
of the season and of harvest. For example, 
many growers compare the date of bloom
to growing season data from previous
years to determine a timeframe for the 
first day of harvest. Rainfall affects this 
vintage and others by the way it indicates
water storage in the soil and in under-
ground aquifers.

  

2008 Napa Valley Vintage At A Glance

Temperatures are from the Oakville, UC Davis Station.

Kinds of data solicited: 
Climate 
Phenology 
Grape composiHon 
Yields 



Data ContribuHons 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• Nearly 10,000 phenological records contributed by private growers & winemakers 
• 68 winegrape varieHes (top 10 varieHes = 85% of records) 
• A few early records back to the 1940’s; most start in late 1970’s 



Data Coverage 



Veraison Date Over Time
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Vineyard, Sauv 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Climate Drivers of Cabernet Bloom  
CS

Mean Precip, Month 4 mm/day

B
lo

o
m

 D
a

te

May 15

Jun 1

0 1 2 3 4 5

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

CS

Mean Max Temp Month 4 ,deg C

B
lo

o
m

 D
a

te

May 15

Jun 1

20 22 24

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

Averaged across all Cabernet vineyards per year 



Trends in Cabernet Veraison Date over Time by Vineyard

year
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Increase in Cabernet Sugar at Harvest 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Cabernet Sugar by Harvest Date 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Cab Harvest Date Over Time 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September warming since 1980 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Ripening Temperature and Pinot noir 
Price in California 

Central Valley 

North Coast Central 
Coast 

Mean Max August Temp, Avg 1980‐2006, °C  

Monterey 

Santa Cruz 

Central Coast 

Mendocino 

Sonoma 

Napa 

Solano 

Lodi 
Davis 
Merced 

Sacramento Valley 

R2=0.89 

Central Coast  North Coast 

Central Valley 

Cahill, Makhews, Field, and Lobell, in prep. 



AdaptaHon in AcHon: Vineyard Cooling Trial 

0  2  4  6 

1 Under‐vine 
Microsprayer 

2 Under‐vine 
Microsprayers 

1 Over‐vine 
Microsprayer 

2 Over‐vine 
Microsprayers 

Cooling Achieved vs. 
Control Plot 

Degrees C 

Courtesy of Walsh Vineyards Management 

The over-vine cooling treatment was similar to a micro-

sprinkler installation with spaghetti tube risers about a

foot above the canopy, terminating in the misting heads.

The under-vine cooling treatment provided a mist pattern

that remained low to the ground and did not wet the

foliage or the fruit.

January 15, 2009

Investigating Low-Volume Approaches to Vineyard Cooling

High heat can damage both fruit and foliage. A group in Napa is investigating alternatives

to overhead impact sprinklers.

by Mark Greenspan

In last month's column I indicated that a survey of Sonoma/Mendocino growers revealed that use

of overhead sprinklers to cool fruit during hot weather periods is a common practice in warmer

growing regions of the North Coast. The downside of overhead sprinklers is that they are

tremendous users of water and suck up water at the most demanding time of day. We don't know if

the dry spring rainfall patterns experienced in 2007 and 2008 were a harbinger of things to come,

but water conservation can be expected to be on the minds of our industry for now and for good.

Why Cool Vines?

The moderate climate enjoyed by the North Coast

is frequently interrupted by periods of high heat.

The heat waves can reach well into the 100s,

sometimes reaching above 115°F. While foliage is

sensitive to heat, it has the advantage of

transpiration, which is a natural way in which

leaves cool themselves by evaporating water from

their interiors. On the other hand, fruit lack active

stomatal pores and cannot cool themselves as

effectively as leaves. Pigmented fruit will absorb

additional energy from the sun as it reflects less

sunlight energy than light-skinned grapes. Outer

berries, exposed to direct sunlight, may reach 15°F

above ambient temperature. High temperatures are

detrimental to fruit and wine quality. Apart from

the obvious consequences, such as sunburn,

shrivel and loss of pigment, the heat may also lead

to changes in flavor, aroma and mouthfeel

compounds and precursors. Regardless of

subtleties, it is always heartbreaking to tend a

vineyard all year only to have a mid- or late-season

heat wave shrivel fruit, creating overly cooked,

pruney and raisiny flavors in the wines--not to

mention the yield losses.

Napa Vineyard Cooling Project

A group in Napa Valley is exploring the use of

low-volume misting spray heads as an alternative to the high-volume traditional impact rotor

sprinkler. The project has been largely supported by Beaulieu Vineyard (BV) and was conducted in

one of their vineyards in the Oakville area. With support from numerous additional donors, this

project used numerous temperature sensors within the canopies and within fruit clusters. The

electronic temperature data from each sensor was automatically logged so that the information

could be downloaded at the end of the trial for analysis. An ambient temperature sensor was

connected to a digital readout to provide an indication of current conditions (without cooling) so that

system startup and shutdown could be determined.

BV uses Walsh Vineyards Management to manage the vineyard and they played a key role in the

planning and execution of the project, in addition to support from Pacific Geodata and VineView

Imaging companies. My company, Advanced Viticulture, has been assisting in the data

interpretation for the project.

The misters were supplied by Jain Irrigation, which modified one of its pressure-compensating

emitters to produce a fine mist, rather than a drip or a coarse spray output. The idea here was to

have the mist evaporate in mid-air, rather than to coat the foliage with water. The evaporation of

water removes heat energy from the air, which is the desired effect. The aerial evaporation was

somewhat successful, though the over-vine cooling did tend to wet the fruit and foliage. Similarly,

the under-vine cooling wetted the soil below the vines. The intention was not to irrigate the vines

with the cooling system but this did occur to some extent in both systems. There was a small water

stream emanating from the emitters, which drizzled down and tended to provide some irrigation to

the vines, which was not a desired outcome. The manufacturer has since told us that they can

improve the design so that the dripping does not occur.

The project falls somewhere between a casual grower "Side A--Side B" type of trial and a real

scientific experiment. Practicality and cost made replicated field plots impossible. Nevertheless, the

treatments were made thoughtfully and the temperature measurements were made with replication.

The vineyard block is Cabernet Sauvignon on O39-16 on a VSP trellis oriented east-west. There were

January 2009
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Thanks! 

Thanks to: 
•  ParHcipaHng vintners & growers for data contribuHons 
•  Mary Tyree for data processing and entry 
•  Jennifer Johns, Emelia Bainto, Kevin Thai, and Wendy Muraoka for 

data entry 
•  Napa Valley Vinters for project support 
•  Towle Merrik at Walsh Vineyards Management and Mark Greenspan 

for vineyard cooling data 

Contact info: kncahill@ucdavis.edu, (415) 279‐2379 





ProjecHng future winegrowing areas 

Lobell, Field, Cahill, and Bonfils, 2006, Ag & Forest Met.  

Favorable 
Counties 

25 38 26 

Overlap 81% 77% 33% 

     Yields relaHve to current state average 
Current Area        Modeled Today         +2°C                           +4°C 



“ForecasHng” within‐season yields 

Lobell, Cahill, and Field, 2006, California Agriculture 

  1980                   1990                     2000 

  1980                   1990                     2000 

Increased 
lead time 

Forecast 
right 
direction 

1-2 months 61% 

4 months 73% 



+ Daily weather data from 382 staHons 
 (Tmin, Tmax, precip) 

Crop area map 
(all varieHes) 

State Hme series, 1980‐2003 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Modeling Historical Climate & Yields 
(for 12 crops) 

Lobell, Cahill, and Field, 2007, Clima5c Change 



Key Drivers of Wine Grape Yields 

• High wine grape yields favored by:  
• warm April, wet June, wet Sept before harvest (R2=0.62)  

Lobell, Cahill, and Field, 2007, Clima5c Change 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Surprising for irrigated crop in Mediterranean climate! 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